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(54) A fuel cell separator, a fuel cell using the fuel cell separator, and a method for making the 
fuel cell separator 

(57) A fuel cell separator including (a) about 100 
parts by weight of graphitized nneso-carbon 
microbeads, (b) about 1 o to 35 parts by weight of one of 
a thermosetting resin and a thenmoplastic resin, and (c) 
about 1 to 40 parts by weight of at least one cartx>na- 
ceous material selected from the group consisting of 
graphite powder, carbon black, and fine carbon fibers. 
The fuel cell separator exhibits low electrical resistivity, 
low volume resistivity, superior gas impermeability, and 
superior dimensional accuracy without a graphitizing 
treatment after molding. A fuel cell using the fuel cell 
separators can be produced while saving energy using 
a simplified facility and has superior generation effi- 
ciency. 
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Description 

BACKGROUND QFTHg INVENTION 
5 1. Field of the Inventior 

[0001] This invention relates to fuel cell separators, to methods for making the same, and to fuel cells using the sep- 
arators. In particular, the invention relates to a fuel cell separator having a low electrical resistance in its thickness direc- 
tion and a highly accurate size, to a method for making the fuel cell separator, and to a fuel cell having a high generation 
10 efficiency using the fuel celt separator. 

2. Description of the Related Art 

[0002] Fuel calls having high generation efficiency and producing fewer contaminants are anticipated as future 
15 power plants. Fuel cells are classified as: the alkaline type, the phosphate type, the melted carbonate type, the solid 
electrolyte type, and the solid polymer type depending on the type of electrolyte used. The solid polymer electrolyte type 
can generate electric power at a low operational temperature and has attracted attention as a small-scale power plant 
for domestic use or as a portable power plant for electric cars. 

[0003] As shown in a perspective view in Rg. 1 , a solid polymer-type fuel cell includes a unit cell of a solid polymer 

20 electrolyte 1 , an air electrode 2 and a fuel electrode 3 provided on a front fiace and a back face, respectively, of the solid 
polymer electrolyte 1 . A plurality of unit cells is stacked with separators 4 having grooves 5 as gas channels, A perfluor- 
ocarbon sulfonic add ion-exchange film is typically used as the solid polymer electrolyte. The separator 4 functions as 
a boundary for isolating a fuel gas from an oxWizing gas and acts as an electrical conductor between the unit cells. This 
requires high gas impermeability, high thermal conductivity, high mechanfcal strength, low electrical resistivity, low vol- 

25 ume resistivity, and heat resistance at operation temperatures. 

[0004] Such separators have been made by mechanically working artificial graphite or metallic materials, such as 
titanium or stainless steel. The artificial graphite separator is disadvantageous in that there is insufficient gas imperme- 
ability and it Is relatively expensive, although it does have high electrical conductivity. The metallic separator is also 
expensive and oxidized during operation over long periods. 

30 [0005] To solve the above problems, Japanese Unexamined Patent Application Publication Nos. 10-334927 and 
1 1-297337 disclose separators for solid polymer-type fuel cells which are fomned of compounds of artificial graphite 
powder and thermosetting resins and exhibit improved gas impemne ability and suppressed oxidation. These separa- 
tors, however, exhibit poor dimensional accuracy in the thickness direction due to orientation of particles in the planar 
direction. Thus, separators having high dimensional accuracy in the thickness direction cannot be stably produced. As 

35 shown in Fig. 1 , each separator 4 has grooves 5 for supplying a fuel gas, such as hydrogen, and an oxidizing gas, such 
as air, on both faces. When the depth of the grooves 5 as gas channels is uneven, each groove has a different ventila- 
tion resistance. As a result, the fuel cell has a gas flow rate distribution which inhibits high generating effrciency. 
[0006] Other important properties required for the fuel ceil separator are low electrical resistivity and low volume 
resistivity. Japanese Unexamined Patent Application Publication No. 62-260709 discloses a separator for a phosphate- 

40 type fuel cell which is composed of graphitized meso^arbon microbeads as an aggregate and athemiosetting resin as 
a binder. Although this separator uses close packing of meso-cariaon microbeads, conductivity is insufficient due to 
electrical conduction only at point contacts. 

[0007] Japanese Unexamined Patent Application Publication No. 4-214072 discloses a fuel cell separator formed 
by hardening and firing a compound composed of carbonaceous powder, such as graphitized meso-cariaon microbeads 

45 or graphite powder, and a phenol resin. This separator contains 100 parts by weight of phenol resin with respect to 50 
to 150 parts by weight of carbonaceous powder. Since this separator contains such a large amount of insulating resin- 
ous component, sufficient conductivity is achieved after the hardening reaction. In order to yield high conductivity, the 
hardened compound is then fired to graphitize the carbonaceous powder. Graphitizing is generally performed at 2,000 
to 3,000°C in a nonoxidizing atmosphere. Thus, industrial production of the separator by graphitizing the molded com- 

50 pound has problems in view of facilities, operation, and energy. 

Op.lFr.TS OFTHF INVENTION 

[0008] It is an object of the invention to provide a fuel cell separator having high gas impermeability, low electrical 
55 resistivity, low volume resistivity, and high dimensional accuracy, and to provide a fuel cell having high generation effi- 
ciency. 

[0009] It is another object of the invention to provide a fuel cell separator having the above advantages without 
graphitizing the molded separator article and a fuel cell. 
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[0010] It is another object of the invention to provide a method for malcing the fuel cell separator. 

SUMMARY OF THE INVEMTIQN 

5 [0011] According to an aspect of the invention, a fuel cell separator comprises (a) about 100 parts by weight of 
graphitized meso-carbon microbeads, (b) about 10 to 35 parts by weight of one of a thermosetting resin and a thermo- 
plastic resin, and (c) about 1 to 40 parts by weight of at least one carbonaceous material selected from the group con- 
sisting of graphite powder, carbon black, and fine carbon fiber. 

[0012] Preferably, the fine carbon fiber has an average diameter of not more than about 2 ^m and an average length 
10 of not more than about 500 ^m. Preferably, the graphitized meso-carbon microbeads have an average diameter of not 
more than about 50 jim, the graphite powder has an average diameter of not more than about 10 [un, and the carbon 
black has an average diameter of not more than about 100 nm. 
[0013] The fuel cell separator Is suitably used In a solid polymer-type fuel cell. 
[001 4] According to yet another aspect, a fuel cell includes the above fuel celt separator 
IS [0015] According to yet another aspect, a method for making a fuel cell separator includes mixing (a) about 100 
parts by weight of graphitized meso-carbon microbeads, (b) about 10 to 35 parts by weight of one of a thermosetting 
resin and a thermoplastic resin, and (c) about 1 to 40 parts by weight of at least one carbonaceous material selected 
from the group consisting of graphite powder, carbon black, and fine carbon fiber, and molding the mixture under pres- 
sure at an elevated temperature. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

^ Fig. 1 is a perspective view showing a solid polymer-type fuel ceil; and 

Rg. 2 Is a schematic illustration of a method for measuring voluma resistivity. 

DESCRIPTION OF THE P REFERRED EMBODIMENTS 

30 [0017] The present invention will now be described in detail. It will be appreciated that the following description Is 
intended to refer to specific embodiments of the invention selected for Illustration in the drawings and is not intended to 
define or limit the invention other than in the appended claims. 

[0018] The inventors have discovered the following important points wh'ich significantly contribute to this invention. 

35 (1) Improved dimensional accuracy of fuel cell separator by graphitized meso-carbon microbeads. 

Use of graphitized meso-carbon microbeads as a material for a fuel cell separator improves the dimensional 
accuracy of the fuel cell separator. The graphitized meso-carbon mbrobeads have a substantially spherical shape 
and a diameter of several to aaveral tens of ^m, and they exhibit high flowability in a molding process for the fuel 
ceil separator compared to conventional artificial graphite flakes. The resulting molded article has an Isotropto 

40 structure. 

(2) Improved conductivity of fuel cell separator by controlling resin content and by using fine cariaon powder and 
fine carbon fiber 

A goal df the inventors was to provide a fuel ceil separator having sufficient conductivity (specific resistance 
and low volume resistivity) by only using a molding process without graphitizing the molded article for the fuel cell 
45 separator. An attempt was made to use at least one carbonaceous material selected from the group consisting of 
graphite powder, carbon black, and fine carbon fibers and to suppress the resin content in the compound, and a 
composition for improving the conductivity of the fuel cell separator without graphitizing the molded arttele for the 
fuel cell separator was discovered. 

50 [0019] Although we do not intend to be bound by any particular theory, the technical concept of the invention is 
believed to work as follows: An electric channel is formed by point contacts between the graphitized meso-carbon 
microbeads. In addition, gaps between particles and noncontact points are filled with fine cariaonaceous materials, such 
as graphite powder, carbon black, and fine carbon fiber to ensure high conductivity and control the content of resin 
being used as an insulator. The resin content is sufficient to ensure satisfactory strength and high gas impemieability 

55 of the fuel cell separator. By a combination of selected materials and a particular composition in the invention, an inex- 
pensive fuel cell separator is obtainable without graphitizing the molded article for the fuel cell separator. 
[0020] Ma80-cari3on microbeads used in the present invention are obtained as follows. Coal pitch or petroleum 
pitch is heat-treated to form optically anisotropic microbeads. Optically anisotropic microbeads are recovered as a fil- 
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IS 



tration residue of the heat-treated pitch, by extraction from the heat-treated pitch with an organic solvent such as tar oil. 
or recovered t5y gravitational separation, such as precipitation. 

[0021] In the invention, the meso<arbon microbeads are used after graphitization (hereinafter sometimes refered 
to as "graphitized mesoK^arbon microbeads"). The meso-carbon microbeads are preferably graphitized at a tempera- 
ture of about a^SOtyC to 3,000»C. . , . ^ 

rooezi The meso-oarbon microbeads in the invention may also be a carbonaceous material formed at a tempera- 
ture of approximately 600 to 1.000»C. Graphitized mesoH^arbon microbeads having high eiectncal conduct«/rty. How- 
ever they are prefarabV used so that the separator has low electrical resistivity and low volume resistivity. 

[0023] The graphitized meso-carbon microbeads have an average particle diameter in a range of preferably not 
Lre than about 50 ,im, more preferably aboutltoSO^, and most preferably aboutlOto 30 urn so that the resu^^^ 

separatorls dense and exhibits superior gas impermeability. When the average particle diameter exceeds about 50 lim. 
the graphitized meso-carbon microbeads may be used after pulverization. ... ^ , .u „^„„ 

[0024] In the invention, a thermosetting resin and^or a themioplastic resin are used as a binder for the cart^na- 
ceous aggregate. These resins facilrtate moldabirity of the fuel cell separator and improve condu^ivity of the separator. 
In particuter. the resins facilitate production of a fuel cell separator having grooves with high dimensional accuracy. 
Using the thermoplastic resin, the fuel cell separator may be formed by injection molding with high productivity. 
[0Q»] The fuel cell separator of the invention comprises (a) about 1 00 parts by weight of graphitized '"eso-ca*on 
microbeads. (b) about 1 0 to 36 parts by weight of one of a themiosetting resin and a thermoplastic '^^"•^l'^^'')^^ 
1 to 40 parts by weight of at least one carbonaceous material selected from the group consisting of graphite powder. 

20 carbon black and fine carbon fibere. ..... • ,^«rt.«o-»-mtnr 

[00261 When the resin content is about 1 0 parts by weight or more, voids barely form in the intenor of *e separator, 
and the resulting separator has superior gas impemieability. The upper limit of the resin content is about 35 parts by 

weight in the invention to ensure high conductivity, that is. specific resistance and low volume resistivity. 

[0027] The type of themioplastic resin used in the invention is not limited. The thermoplastic resin m^ be a CTys- 
talllne themiopl^ic resin having a melting point of preferably at least about 150-C and ^re P'^ferab'y lea^ a^ut 
200»C: or may be an amorphous thermoplastfc resin having a softening point of at least about 90»C and mora prefera- 
bly at least about ISO'C. These crystalline and amorphous themtioplastic resins may be used in combination^ More 
preferably, the crystalline thermoplastic resin has a melting point of about 200 to 30VC. and the amorphous themio- 
plastic resin has a softening point of about 150 to 250"C. „Ah«.rt rf<4o 

[0028] Using these resins satisfying the above conditions, a fuel cell separator can be easily formed without dete 
rioration of moldability and the resulting fuel cell separator has high thermal resistance. 

[00291 Examples of preferable themioplastic resins of the present invention include polypropylene, polystyrene, 
polyamides. polyesters, polycarbonates, polyphenylene sulfides, liquid crystal resins, and fluorinated resms. These 
thermoplastic resins may be used alone or in combination. Carbonaceous composttions formed using ^^se resinshave 
high thermal resistance and superior moldability. Moreover, fuel cell separatore wHh grooves formed of the carbona- 
ceous compositions have high thermal resistance and dimensional accuracy of the grooves. 
[0030] The thermosetting resins used in the invention are not limited. Examples of preferable thermosetting resins 
include phenol resins, f uran resins, epoxy resins, unsaturated polyester resins, and polyimide resins. These themioset- 
ting resins may be used alone or in combination. 

[0M1] in the invention, phenol resins are more preferably used, because the resulting separator exhibits supenor 
characteristics and the phenol resin is easily handled and is inexpensive. 

[00321 As shown in Fig. 1 . a fuel cell separator, particularly a separator for a solid polymer-type fuel ceH, nas 
grooves on both surfaces thereof in many cases. The width and the dep* of each groove must be fbm^d with high 
dimensional accuracy to achieve homogeneous reaction in the fuel cell. 

[0033] In a conventional fuel cell separator using artificial graphite powder, the root-nfjean-square en-or of the deptn 
of grooves fomied on surfaces of the fuel cell separator cannot be reduced to a range of ±5x10" mm, as «sc"'»°J" 
the Examples below. The inventora herein hypothesized that such an error in the thickness is due to the shape of the 
artifldal graphite powder. Since the artificial graphite powder Is flaky, the powder Is easily oriented in one direction. In 
contrast, in the separator including the graphftized meso-carbon microbeads of the im/ention. the ^ggregate partKles 
are substantially spherical. Thus, the molding composition has high flowability and the resulting niolded article is sub- 
stantialV isotropc. As a result, the root-mean-square error of the depth of grooves formed on surfaces of the fuel cell 
separator can be reduced to a range of about ±5x1 0'^ mm. 

[0m41 Since the fuel cell separator of the invention exhibits high dimensional accuracy, the separator is suitably 
used In a grooved separator requiring high dimensional accuracy, for example, a separator for a solid polymer-type fuel 

[0035] The fuel cell separator of the invention contains (c) about 1 to 40 parts by weight of at least one caitona- 
ceous material selected from the group consisting of graphite powder, carbon black andfine cartoon fibers. The addrtion 
of these materials causes significantly decreased spedfte resistance and volume resistivity. The addition of the cartwn- 
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aceous materials causes improved conductivity, that is, significant decreases in specific resistance and volume resis- 
tivity. When the content does not exceed about 40 parts by weight, the carbonaceous materials are sufficiently 
dispersed so that the composition has high moldabillty. Moreover, the resulting fuel cell separator has high dimensional 
accuracy, that is, a root-mean-square error of the depth of grooves of about ±5x10"^ mm. When the content exceeds 
5 about 40 parts by weight, dispersion is undesirable in view of dimensional accuracy and conductivity. The carbona- 
ceous material content is more preferably in a range of about 5 to 36 parts by weight 

[0036] The carbonaceous materials (c), that is, the graphite, carbon black and the fine carbon fibers, will now be 
described in more detail. 

[0037] Any type of graphite powder may be used in the invention. Artificial graphite powder and natural graphite 
10 powder are preferably used. Preferably, the graphite powder has a purity of at least about 95% and an average diameter 
of about 10 iwn or less. When the purity is at least about 95%, the graphite powder contains reduced amounts of metal 
salts. This is advantageous for stable operation of fuel cells. When the average diameter is not more than about 1 0 iim, 
the graphitized meso-carbon microbeads and the graphite powder can be uniformly blended, resulting in improved con- 
ductivity. The lower limit of the average diameter of the graphite powder is not specified in the invention. 
15 [0038] When the artrfictal graphite powder Is used, for example, graphite powder which is formed by a heat treat- 
ment of amorphous carbon at about 2,600^*0 to 4,000°C is preferably used. This graphite powder is obtained as flakes. 
On the other hand, the natural graphite powder is flaky and is more graphitized compared to the artifidal graphite pow- 
der. 

[0039] The carbon black used in the invention is not fimited. Preferably, the carbon black has a purity of at least 
20 about 95% and an average diameter of not more than about 1 00 nm. When the purity is at least about 95%, the carbon 
black contains reduced amounts of metal salts, and this is advantageous for stable operation of fuel cells. When the 
average diameter is not more than about 100 nm, the graphitized meso-carbon microbeads and the carbon black can 
be unifonnly blended, resulting in improved conductivity. The lower limit of the average diameter of the carbon black Is 
not specified In the Invention. 

25 [0040] The fine carbon fibers preferably used in the invention are generally referred to as "carbon nanofibers." Pref- 
erably, the carbon nanofibers have an average length of not more than about 500 \im and an average diameter of not 
more than about 2 lam. More preferably, the carbon nanofibers have an average length of not more than about 500 ^m 
and an average diameter of not more than about 500 nm. The lower limit of the average diameter of the carbon nanofib- 
ers is not specified in the invention. The carbon nanofibers preferably have a purity of at least about 95% to ensure high 

30 conductivity of the fuel cell separator. 

[0041] The carbon nanofibers are produced by a vapor deposition process and has a diameter and a length which 
are significantly smaller than those of general carbon fiber. The carbon nanofibers are, therefore, called "vapor-deposi- 
tion carbon fibers". The degree of graph rtizati on of the fine carbon fibers, such as the carbon nanofibers, changes due 
to a heating treatment at an elevated temperature. In the present invention, the fine carbon fiber is preferably treated at 

35 an elevated temperature to enhance the degree of graphitization and the conductivity. 

[0042] The average diameter of the fine carbon fibers in the invention is defined as a sum of diameters of individual 
fibens divided by the number of the fibers when the fine carbon fibers have a circular cross-section, ores a sum of equiv- 
alent circle diameters of individual fibers divided by the number of the fibers when the fine carbon fibers do not have a 
circular cross-section. 

40 [0043] When general carbon fibers other than the fine carbon fibers are used in the invention, the graphitized meso- 
carbon microbeads and the carbon fiber are Insufficiently dispersed. Thus, the molded article contains voids, resulting 
In decreased gas impermeability. 

[0044] The fuel cell separator of the invention may contain other additives, such as antioxidants, to improve thermal 
resistance and durability. For example, any antioxidant used in plastic materials may be used. 
45 [0045] A method for making the fuel cell separator will now be described. 

[0046] The method for making a fuel cell separator of the present invention comprises mixing: 

(a) about 100 parts by weight of graphitized meso-carbon microbeads, 

(b) about 10 to 35 parts by weight of one of a thermosetting resin and a thermoplastic resin, and 

50 (c) about 1 to 40 parts by weight of at least one carbonaceous material selected from the group consisting of graph- 
ite powder, carbon black and fine carbon fibers, and molding the mixture under pressure at an elevated tempera- 
ture. 

[0047] The molding method of the fuel cell separator of the present Invention is not limited and Is appropriately 
55 determined according to the type of the resin used, as described below. 
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(Molding when thermoplastic resin is used) 

roo481 When a thermoplastic resin is used as the resin, for example. compfBssion molding i"i«<=«o".'rf f "J "j^ 
remployeTrn^tTon llliing is pr^femble in >«ew of productivity, whereas compression molding requires a coohng 

Soplitic resin, ani the cart,onaoeous material are mixed and fed into an injection "^^^^^ ^ . llrlt ^^^^^^^ 
ZS^rteVrature to fom^thefual cell separator. Preferably, these cor^ 

s^llral tens of degrees higher than the melting point when the themioplashc res.n .s crystalline or the softening point 
when the themnoplastic resin is amorphous, and then injected into the temperature to 

[0050] In compression molding, the mixture is supplied to a mold ^"^f°'^'^ZfiZ7^mMm Doint or the 
form I fuel cell separator. The tempe«ture of the mold is several tens of deg|^;« h gjer 
softening point of the crystalline resin or the amorphous resin, respectively, although the temperature depenas 
type of resin used. 

(Molding when thermosetting resin is used) 

are mixed using a mixer prior to the injection molding to obtain a uniformly dispersed mixture 
?0^4 'n "Section molding, ft is preferable that these components are mbced at a temperature of about 1 00 to 140 C 
and that the mold ie heated to a temperature in a range of about 40 to aoCC. 

rooSS] The fuel cell of the present invention will now be described. ^ ^ ^ . .. „„„„_t»d hv fuel cell 
pree^ The fuel cell of the present Invention p^fe-ably includes a plurality of stacked ^^^!^fj;.^X^o^ 
sepalrs. and each unit cell is composed of an air electrode (cathode), an ^'"^^^^^^^^^^^ ^^^^ 
?0M7] In the above-mentioned solid pofymer electrolyte of the invention used f!^nH J^lJmer etec- 

Eer. ions (protons) can selectively move in the solid polymer. A preferable ^'^^P'^'j"* ^^in^^ 
tmV^ fe a perfluorocarbon sulfonic add ton-exchange film. Any other soRd polymer electrolyte may also be used in the 

10^81°"' As described above, the fuel cell separator of the invention exhibits supertor gas -^^P^^'^^^^-^^'^^;^'^^ 

45 which saves energy and has a high productivity. 
Examples 

[0060] The invention will now be described in more detail with reference to the following Examples. 
(1) Raw materials 

[0061] GrBphitized meso-oerbon microbeads were prepared by heating tar prtch J^'"^ ^^^^^^^^^ 
S 250^0 forihour. firtrating the resulting meso-carbon microbeads. and then heating the residue to 3.000^. The 
araohitizedmeso-carbon microbeads had an average diameter of 15 pm. . . onint nf lOQoc 

[0^2 Carbonized meso-carbon microbeads were prepared by heating tar pitch ^^^^"^^^^^^^^^ '^^'J, 
LSc for 1 hour, titrating the resulting meso.^^^^^ 
bonized meso-carbon microbeads had an average dianneter of 20 jim. 
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[0063] Thermosetting resin. Phenof resins a and b shown in Table 1 were used. 
[0064] ThernDopiastic resin. The following thermoplastic resins A to I were used. 

A: Polyamide resin (nylon 6) 
5 B: Polyester resin (polyethylene terephtha(ate) 

C: Polycarbonate resin 

D: Polyphenylene sulfide resin 

E: Liquid crystal resin (aromatic polyester) 

F: Fluorinated resin (polyvinylidene fluoride) 
10 G: Polypropylene resin 

H: Polystyrene resin (amorphous) 

I: Polystyrene resin (crystalline) 

[0065] Artificial graphite powder SP-10 (trade name) made by Nihon Kokuen Ltd. was used The average grain 
IS diameter was 1 0 ^m. 

[0066] Natural graphite powder having an average grain diameter of 7 \im was used. 
[0067] The carbon black used had an average diameter of 25 nm. 

[0068] The fine carbon fibers used were the following vapor-deposltion carbon fibers (hereinafter referred to as car- 
bon nanoflbers) whbh were treated at a temperature of 2,900<'C. Grasker GHW made by Nikkiso Co., Ltd. Average 
20 diameter 300 nm, average fiber length: 10 ^m. 



Table 1 



Themiosetting Resin 




Type 


Remarks 


a 


Phenol resin 


Trade name: Sumillteresin PR-50273 made by Sumitomo Durez Co., Ltd. 


b 


Phenol resin 


Trade name: Bellpearl S890 made by Kanebo. Ltd. 
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(2) Test methods 
[0069] 

5 (2-1) Melting point and softening point of themnoplastic resin 

The melting point was measured according to Japanese Industrial Standard (JIS) K 71 21-1 987 "Measurement ! 
of Transition Temperatures of Plastic". J 
The softening point was measured according to Japanese Industrial Standard (JIS) K 7206-1991 'Measure- ] 
ment of Vicat Softening Temperatures of Thermoplastic Resin". ■ j 

10 (2-2) Average Diameters of Graphittzed Meso-Carbon Microbeads, Carbonized Meso-Carbon Microbeads, and I 
Graphite Powder were defined as a 50% accumulated average diameter which was measured by a laser diffraction : 
particle size distribution measuring apparatus. >. 
(2-3) Average Diameter (d50) of Carbon Black was defined as a 50% average diameter of a predetennined number * 
of particles which were detennined by image analysis of an electron micrograph. 
IS (2-4) Characteristics (Bulk Density. Electrical Resistivity. Volume Resistivity. Gas Permeability, Bending Strength] 
of Carbonaceous Molded Article (Thin Plate) 

Bulk density was defined by weight of the carbonaceous material divided by the volume of the carbonaceous 
molded article. : 
Electrical Resistivity was measured according to Japanese industrial Standard (JIS) K 71 97 using an electrical 
20 resistivity meter (trade name: Roresta, made by Mitsubishi Chemical Corporation). 
Volume Resistivity was determined based on the equation (1 ): 

Volume Resistivity = (volume resistance/thickness of sample) x (surface area of the sample) (1) 

25 wherein the volume resistance was measured using an apparatus shown in Fig. 2 and the surface area of the sample 
was 25 cm^. 

In Fig. 2, reference numeral 10 represents an ohmmeter, reference numerals 1 la and 1 lb represent insulating 
materials of polytetrafluoroethylene (PTFE), reference numerals 12a and 12b represent steel plates, the letter P 
indicates applied pressure (9.8x1000 N), and the letter S indicates a sample (50 mm square). 
30 Gas penmeability was determined by the volume of nitrogen which passed through a thin carbonaceous 

molded article when 0.098 M Pa (gauge pressure; 1 kg/cm^ • G) of nitrogen was supplied from one side of the article 
using a gas pemneation measuring apparatus. 

Bending strength was detemnined by a three-point bending method using an autographic machine made by 
Shimadzu Corporation. 

35 (2-5) The root-mean-square error e of the depth of grooves on the carbonaceous molded article (fuel cell separa- 
tor) was determined based on the equation (2): 



40 



e=±j(j; dfyn{n•^)[mm] (2) 



wherein di (mm) was a difference between the observed depth of i-th points in grooves and the number-average 
depth of 20 points in total in the grooves, and the fuel cell separator with grooves had a thickness of 2 mm, a width 
45 of 200 mm, a length of 200 mm, and each groove had a width of 1 mm and a depth of approximately 0.8 mm. 

Examples 1 to 8 and Comparative Examples 1 to 7 

[0070] Graphrtized meso-carbon microbeads, carbonized meso-carbon microbeads, thermosetting resins, artificial 
50 graphite powder, natural graphite powder, carbon black, and carbon nanoflbers as fine carbon fibers were thoroughly 
mixed according to the formulations shown in Fig. 3 using methanol as a solvent, and the uniform mixture was applied 
onto a releasing sheet and allowed to stand over night. 

[0071] The dried coating was heated to lOO^C for 90 minutes to precure the thermosetting resins. The resulting 
bulk mixture was pulverized and the powder fed into a mold and compressed under the conditions shown in Table 3 to 
55 prepare carbonaceous molded articles (thin plates) having a thickness of 2 mm, a width of 200 mm, and a length of 200 
mm. 

[0072] The buik density, electrical resistivity, volume resistivity, gas permeability, and bending strength of each car- 
bonaceous molded artble were measured. The results are shown In Table 4. 
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The results are shown in Table 4. 

■=y., n p |»c 0 to 18 rnrl C-ft rf'P'"-«<''^« Fyamples 1 to 9 

a length of 200 mm. , „ and ajbiec^ed to «raluation as in Examples 1 to 8 and Comparative 

[0076] Grooved separators ware also formed and suDjeraea w 

Examples 1 to 9. The results are shown in Table 6. ^.(^.^ 3 ,0^ gas impermeability, low 

[007^ As shown in Tables 4 and 6, the fuel cell separator 0 the '"ven^" 

Sectrical resistMty, low volume --^f using a simpWied faciOty. 

An aire^ctrode and afue. electrode - P-lded on one .^^^^^^^^^^^ 
^pol A electrolyte plate composed of a P/^"— "/^^^^^^ fuel cell. 

L is unHom,. and the fuel cell exhibte superior generation eff«.ency. 
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Table 4 





Carbonaceous Molded Article 


Grooved sep- 
arator 




Bulk DensHv 


Resistance 
(mQ • cm) 


tivity (ma • cm) 


vXC«9 r dlllCHUII 

ity 

(cm^/min«cm^) 


strength 
(N/cm^) 


Root-mean- 
square error 
e of groove 
depth [xlO^ 
(mm) 


ExaiTiDte 1 


1.97 


9.2 


12.1 


<1 xlO-^ 


7120 


± 4.2 


Examole 2 


1 OA 






< 1 X lU 




±4.1 


Example 3 


1.93 


9.8 


13.0 


<1 xlO*-* 


7240 


±4.2 


Example 4 


1.97 


10.1 


13.3 


< 1 X 10"^ 


7420 


±3.4 


Example 5 


1.98 


8.8 


9.2 


<1 xlO*^ 


7250 


±4.4 


Example 6 


1.98 


6.4 


8.8 


<1 xlC"^ 


7260 


±4.6 


Example 7 


1.98 


6.8 


9.0 


< 1 X 10'^ 


7080 


±4.4 


Example 8 


1.96 


7.2 


7.8 


< 1 x 10"^ 


7840 


±3.9 


Comparative 
Example 1 


1.98 


26.2 


42.2 


<1 X 10-^ 


8036 


±3.4 


Comparative 
Example 2 


1.93 


98.1 


160.4 


< 1 x 10*^ 


6330 


±2.2 


Comparative 
Examples 


1.87 


120.1 


198.0 


< 1 X 10"^ 


7644 


±3.8 


Comparative 
Example 4 


1.96 


96.3 


156.2 


<1 xlO"^ 


7742 


±3.6 


Comparatfve 
Exarrple 5 


1.42 


130.4 


290.0 


1.2x10-2 


392 


±15 


Comparative 
Example 6 


1.60 


350.2 


514.8 


<1 xlO^ 


9016 


±3.0 


Comparative 
Example 7 


1.99 


12.4 


24.6 


< 1 X 10-^ 


3430 


±10 
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Table 6 







5 




Cart)onaceous Molded Article 




Grooved sepa- 
rator 






Bulk Density 
(o/cm^) 


Specific 
Resistance 
(mi2-cm) 


volume ncoio 
tivity {mfl'cm) 


Gas Permeabit- 
ity 

(cm^/min 'cm^) 


Bending 
strength 
(N/cm^) 


Root-mean- 
square error e 
of groove depth 

[xlO^l (mm) 


TO 


Example 9 


1.98 


10.2 


13.9 


rf- 1 V 1 0'^ 

< I A 1 W 


6620 


±3.2 




Example 10 


2.02 


9.1 


12.8 


1 V 1 n*^ 

< 1 1 W 


6620 


±4.4 




Example 1 1 


1.99 


8.2 


14.2 


< 1 xlO-"* 


6664 


±4.0 

tli 


t5 


Example 12 


rii 


8^4 


loi 




5960 








1.96 


12.6 


10.2 


<1 xlO'^ 


6260 


±4.4 




Example 14 


1.99 


6.0 


10.2 


<1 xlO-^ 


6760 


+ 4.8 




Example 15 


1.98 


6.2 




< 1 X 1 0"^ 


6080 


±4.8 


20 


Example 16 


Tie 


Tb 


101 




5860 


±4.b 




Example 1 7 


1.92 


106 


13^6 


< 1 xlO^ 


6340 


±4i 




Example 1 8 


Til 


106 


iTo 


< 1 xlO*"* 


6600 


±78 


25 


Comparative 
Examole 8 


Tii 


35 


112.4 


< 1 xlO-"* 


9310 






Comparative 
Examote 9 


1.91 


34 


119.6 


<1 xlO'* 


8134 


±3.8 
±3i 


30 


Comparative 
Examole 1 0 


Tsi 


ili 


347.2 




7056 






Comparative 
PyarrtDle 1 1 


1.83 


120 


328.1 


<1x10*'* 


9408 


±4.6 


35 


Comparative 
Example 12 


Tie 


95 


261.3 


< 1 X 1 0*^ 


9702 


±27 




Comparative 
Example 13 


2.01 


98 


288.2 


<1 xlO-"^ 


1 u 


±4.2 


40 


Comparative 
Example 14 


1^5 


364 




2.6x10*2 


294 


±15 




Comparative 
Example 1 5 


1.58 


388 


628.8 


<1 xlO-"* 


1029 


±2.2 


45 


Comparative 
Example 16 


1^9 


12 




<1 xlO-^ 


77A2 


±20 



Claims 

so 



1 . A fuel cell separator cx)mpnsing: 



S5 



(a) about 1 00 parts by weight of graphitized meso-carbon microbeads; 
S about 1 0 to 35 parts by weight of one of a thermosetting resin and a thermoplastic resm, and 
S aS 1 to 40 parts by weight of at least one carbonaceous material selected from the gmup consisting of 
graphite powder, carbon black and fine carbon fiber, 
2, Afuelcellseparatoraocordingtodaiml.wheraintheflnecarbonfiberhasanaveragediameterofnotmo^^ 
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about 2 pni and an average length of not more than about 500 ^m. 

3. A fuel cell separator according to claim 1 , wherein the graphitized meso-carbon microbeads have an average diam* 
eter of not more than about 50 |im, the graphite powder has an average diameter of not more than about lOfim, 

5 and the carbon black has an average diameter of not more than about 100 nm. 

4. A fuel cell separator according to claim 2, wherein the graphitized meso-carbon microbeads have an average diam- 
eter of not more than about 50 |im, the graphite powder has an average diameter of not more than about 10|im, 
and the carbon black has an average diameter of not more than about 100 nm. 

10 

5. A fuel cell separator according to claim 1 , wherein the thermoplastic resin is a crystalline thermoplastic resin having 
a melting point of at least about 150°C. 

6. A fuel ceil separator according to claim 1 , wherein the thermoplastic resin is an amorphous themioplastic resin hav- 
15 ing a softening point of at least about 90*^0. 

7. A fuel cell separator according to claim 1 , wherein the thermoplastic resin is selected from the group consisting of 
polypropylene, polystyrene, polyamides, polyesters, polycarbonates, polyphenylene sulfides, liquid crystal resins, 
and fluoflnated resins. 

20 

8. A fuel cell separator according to claim 1 , wherein the themiosettrng resin is selected from the group consisting of 
phenol resins, furan resins, epoxy resins, unsaturated polyester resins, and polyimide resins. 

9. A fuel cell separator according to claim 1 , further comprising a multiplicity of grooves in at least one surface thereof 
25 and wherein the separator has a root-mean -square error of the depth of the grooves of ±5x10*^mm. 

10. A f ual cell separator according to daim 1 , wherein the graphite powder and the carbon black have a purity of at least 
about 95%. 

30 11. A fuel cell comprising a fuel cell separator according to claim 1 . 

12. A fuel cell comprising a fuel cell separator according to claim 2. 

13. A fuel cell comprising a fuel cell separator according to claim 3. 

35 

14. A fuel ceil comprising a fuel cell separator according to claim 4. 

15. A method for making a fual call separator comprising: 
40 1) mixing 

(a) about 1 00 parts by weight of graphitized meso-carbon microbeads, 

(b) about 10 to 35 parts by weight of one of a themiosetting resin and a thermopliastic resin, and 

(c) about 1 to 40 parts by weight of at least one carbonaceous material selected from the group consisting 
45 of graphite powder, carbon black and fine carbon fiber; 

and 

2) molding the resulting mixture under pressure at an elevated temperature. 

so 16. A method according to claim 15, wherein the molding is injection molding and the elevated temperature is about 
40-200<»C. 

17. A method according to claim 15, wherein the molding is compression molding, the elevated temperature is about 
130-220*^0 and the pressure Is about 196 to 1470 N/cm^. 

55 

16. A method according to claim 15, wherein the molding is connpression molding and a solvent is mixed into the result- 
ing mixture. 
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19.Amethoda«ordingtodaim15.furthercomprisingpre-curingthethe^^^^^^^ 
ture prior to molding. 
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FIG. 1 
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FIG. 2 
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